Glucocorticoids (GCs) are hormones that are widely used in medicine; but although side effects are generally recognised, little is known about the precise mechanisms that is implicated in many of these side effects. Furthermore, GCs are highly correlated with stress and behaviour disorders. This study evaluated the effects of the glucocorticoid corticosterone on the ventral prostate of the Mongolian gerbil. Male gerbils (Meriones unguiculatus) (n = 5) received intraperitoneal injections of saline or corticosterone in doses of 0.5 mg/kg/day and 1.5 mg/kg/day for 5 days; while some of the animals were killed immediately after the treatment, the others were killed 5 days after the treatment period. The data show that corticosterone influences the structure and functionality of this organ. This hormone has anti-proliferative and anti-apoptotic properties in the prostate. In addition, the frequencies of the androgen (AR), oestrogen (ERa, ERb) and glucocorticoid (GR) receptors changed. The frequencies of AR, GR and ERb decreased in the Ct1/5 group; in the groups with rest period, the frequencies of GR increased and ERb decreased in the epithelium. Changes in the proliferative index, apoptotic index and receptor activity may have contributed to the emergence of prostatic morphological alterations, such as the presence of cellular debris and inflammatory cells. Different doses of corticosterone had variable effects on the prostate, with a higher dose showing subtler effects and a lower dose showing more striking effects. The corticosterone effects on nuclear receptors were reverted or attenuated after a rest period, which was not observed for proliferation and apoptosis. In summary, we have demonstrated that corticosterone might influence the prostatic morphophysiology and that these changes may be linked in some way to the altered receptor distribution.
. Other non-androgenic hormones can interfere with prostatic homeostasis, such as oestrogen that modulates the androgenic effects and increases tissue sensitivity to other hormones (Timms et al. 1999; Garc ıa-Fl orez et al. 2005; Scarano et al. 2008 , Da Silva et al. 2013 ); and progesterone that shows an anabolic capacity in castrated animals (Fochi et al. 2013; Shinohara et al. 2013; Zanatelli et al. 2013) .
Glucocorticoids (GCs) affect prostate activity via interaction with their intracellular receptors. These steroid hormones are produced by the adrenal glands and regulated by the hypothalamic-pituitary-adrenal axis (HPA), which plays a fundamental role in the response to external and internal stimulus (Juruena et al. 2006) . Cortisol in humans and corticosterone in rodents control several physiological processes, including development, metabolism, homeostasis, inflammation and stress responses (Marieb & Hoehn 2007) . Most of the effects of GCs are mediated through activation of the glucocorticoid receptor (GR) (Chang et al. 1987; Mohler et al. 1996) , a member of the nuclear receptor superfamily of ligand-dependent transcription factors (Labeur & Holsboer 2010) . Regulation of expression of the GR target gene can be either by transcriptional activation or repression. GR can bind to glucocorticoid response elements (GREs), activating transcription, or interact physically with other transcription factors, thereby inhibiting transcription (Ramamoorthy & Cidlowski 2013) .
GCs are secreted at high levels in stressful situations and, once in circulation, these hormones can trigger a variety of specifics response for each tissue (Fleshner et al. 1995; Calvo & Volosin 2001; Cockrem 2013; Cruz-Topete & Cidlowski 2015) . Prolonged exposure to stress periods, however, may have adverse health effects, including on the prostate gland (Dinan 1994; Glaser & Kiecolt-Glaser 2005; Zhu et al. 2005; Venâncio et al. 2012) . The dynamics of present-day life has generated a constantly stressful environment, gradually influencing the sleep-wake cycle, which has been a very active stress-generating factor in modern society. Venâncio et al. (2012) showed that sleep restriction is a factor capable of promoting significant changes in the morphology of the ventral prostate, decreasing the concentration of testosterone and increasing the levels of corticosterone. In the case of sleep disruption, it was shown that after rest periods with equal duration to the deprivation, there is a normalization of hormone concentrations in treated animals (Hip olide et al. 2006; Andersen et al. 2009 ). Studies with rats have shown that administration of corticosterone (1-5 mg/kg) resulted in increased plasma corticosterone levels similar to the levels observed in stressed animals (Fleshner et al. 1995; St€ ohr1 et al. 1999; Calvo & Volosin 2001; Venâncio et al. 2012) . Furthermore, GCs are also widely used as drugs in clinical medicine, because of their broad activity spectrum and for anti-inflammatory and immunosuppressive properties (Rhen & Cidlowski 2005; Nussinovitch et al. 2010) . They can be used in almost all specialties. Dosages employed routinely in the treatment of inflammatory diseases, such as respiratory and joint disorders, range from 0.4 to 15 mg/day (Caldwell & Furst 1991; Gøtzsche & Johansen 2009 ). Although they are very widely used it is known that prolonged use can cause several adverse effects, especially the circulatory system and glucose homeostasis (Biddie et al. 2011) . However, the effect of this hormone on the prostate specifically is relatively unexplored.
Some studies have shown that the application of glucocorticoids in rodents led to prostatic changes (Ribeiro et al. 2008; Simanainen et al. 2011) and can influence the hormonal regulation of the gland. Smith et al. (1984) demonstrated that GCs reduce the amount of androgen receptor (AR) in an androgendependent cell line. They are also reported to have led to modification of the molecular mechanisms associated with programmed cell death in the prostate (Rennie et al. 1989) , while Koutsilieris et al. (1992) showed that GCs can inhibit cell proliferation in androgen-independent prostatic adenocarcinoma.
This study examined the effects of exogenous corticosterone administration on the morphophysiology of the ventral prostate in gerbils (Meriones unguiculatus), thereby seeking to understand the interference of GCs in prostate homeostasis, tracing a parallel with the use of the steroidbased drugs widely used in medicine, as well as situations of stress. It was also analysed whether the effects of this hormone are persistent even after a period without corticosterone administration with same duration of treatment.
Material and methods

Experimental design
Thirty male gerbils (Meriones unguiculatus), aged from 90 days, were used in this study. All animals were maintained in the Bioterium of the Department of Biology, under appropriate light (12-h light and 12-h dark) and temperature (AE25°C) conditions. Food and water were available ad libitum, in accordance with the internal rules of the Ethics Committee on Animal Use of UNESP (CEUA-IBILCE/UNESP: 087/2013).
Animals received different doses of corticosterone (CORT), with or without a rest period. Gerbils were divided into six groups (n = 5, each group) according to their treatment (Figure 1) . The groups were appointed as follows: CO5 -with saline solution for five days and killed in the sequence; Ct1/5 -treated with 0.5 mg/kg/day of CORT for five days and killed in the sequence; Ct2/5 -treated with 1.5 mg/kg/day of CORT for five days and killed in the sequence; CO10 -treated with saline solution for a period of five days and killed five days after the end of treatment; Ct1/10 -treated with 0.5 mg/kg/day of CORT for five days and killed five days after the end of treatment; and Ct2/10 -treated with 1.5 mg/kg/day of CORT for five days and killed five days after the end of treatment. Corticosterone (Sigma-Aldrich, St. Louis, MO, USA) was diluted in saline solution. All administrations were performed by the intraperitoneal route. The animals were killed by CO 2 anaesthesia and decapitation. Body weight was recorded immediately before anaesthesia.
Doses were selected with the aim of simulating episodes of stress experienced daily; also the importance of rest periods after such events was analysed, and a parallel was traced with the use of the steroid-based drugs widely used in medicine.
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Serum hormone levels
Blood samples were collected immediately following decapitation, centrifuged at 3000 rpm to separate the plasma, frozen at À80°C and then subjected to quantification of testosterone and corticosterone levels. The hormone levels were assessed by ELISA with capture sandwich (antibodyantigen-antibody) tests using specific commercial kits (Enzo Life Sciences International Inc., PA, USA), with high sensitivity (5.67 pg/ml for testosterone and 27 pg/ml for corticosterone) and an interassay coefficient of variation of 11.3 pg/ ml for testosterone and 8.2 pg/ml for corticosterone. The readings were obtained using an Epoch TM Multi-Volume System spectrophotometer (Bio-Tek Instruments, VT, USA).
Histologic analysis
The ventral prostate was removed, weighed and immediately fixed by immersion in paraformaldehyde (4%) diluted in 0.2M phosphate buffer, with a pH of 7.2, or Karnovsky fixative (0.1 M phosphate buffer, pH 7.2, containing 4% paraformaldehyde and 2.5% glutaraldehyde) for 24 h. Then the material was processed for inclusion in paraffin (Histosec MERCK), while others were embedded in historesin (Historesin embedding kit; Leica, Nussloch, Alemanha). Sections (1-5 lm thick) were cut using a rotating microtome and collected on glass slides. The slides were stained with haematoxylin and eosin (H&E) (Behmer et al. 1976 ) and used for general, stereological and morphometric analysis.
Stereology and morphometric analysis
The morphometric and stereological analyses were performed using slides stained with haematoxylin-eosin technique and an image analyser system with Image-Pro Plus 6.0 software (Media Cybernetics Inc., Silver Spring, MD, USA).
For the morphometric study, measurements of epithelial cell height and stromal smooth muscle layer thickness were made. Forty fields per group were captured at magnification of 10009. Measurements were made in each field with the Image-Pro Plus 6.0 software; in the total were made 200 measurements per group.
Forty fields per group were captured at 2009 magnification with Image-Pro Plus 6.0 software. The stereological analysis was performed using the multipoint M130 test system proposed by Weibel (1978) and applied to the prostate as described by Huttunen et al. (1981) . Through this method, the index of the ventral prostate tissue compartments was analysed (acinar lumen, glandular epithelium and stroma muscle).
Immunohistochemical analysis
To verify the expression of specific markers in the prostate, immunostainings were performed as follows: The deparaffinized and rehydrated sections were subjected to antigen retrieval in citrate buffer pH 6.0 at 100°C. The blocking of endogenous peroxidase was performed with 3% H 2 O 2 in methanol or PBS, for 15-30 min. Slides were incubated with primary antibodies for glucocorticoid receptor (GR, rabbit polyclonal IgG, Santa Cruz Biotechnology, Santa Cruz, CA, USA); androgen receptor (AR, rabbit polyclonal IgG, C-20, Santa Cruz Biotechnology, Santa Cruz, CA, USA); oestrogen receptor alpha (ERa, rabbit polyclonal IgG, Santa Cruz Biotechnology, Santa Cruz, CA, USA); oestrogen receptor beta (ERb, rabbit polyclonal IgG, H-150, Santa Cruz Biotechnology, Santa Cruz, CA, USA); and nuclear antigen of proliferating cells (PCNA monoclonal mouse IgG PC10, Santa Cruz Biotechnology, Santa Cruz, CA, USA). These were used at varied dilutions (1:50-1:100) for 60 min at 37°C or overnight at 4°C. After being washed in PBS and incubated with secondary antibodies marked with peroxidase for 45 min, the sections were passed by reaction with diaminobenzidine (DAB). The counterstaining of sections was performed with Harris haematoxylin. The slides were dehydrated and mounted in Canada balsam and evaluated by conventional light microscopy. The primary antibodies were replaced with the corresponding normal isotype serum in the negative control for each immunostaining.
For the detection of apoptotic cells, the TUNEL reaction was used; paraffin sections (5 lm thick) were immersed in TBS (20 mM, 140 mMNaCl, pH 7.6) and treated with proteinase K (1:1000 in 10 mM Tris, pH 8.0) for 23 min at room temperature. Endogenous peroxidases were blocked with H 2 O 2 (30%) in methanol (1:10) for 5 min. Subsequently, the sections were incubated with biotinylated TdT and the enzyme terminal deoxynucleotidyl transferase (TdT) for 1 h at 37°C. Upon completion of the reaction, biotinylated nucleotides were detected using streptavidin peroxidase conjugate, and immunostaining was detected by diaminobenzidine (DAB) for 13 min in the dark. Subsequently, the sections were washed in water, counterstained with haematoxylin and mounted in Canada balsam. The primary antibodies were replaced with the corresponding normal isotype serum in the negative control for each immunostaining.
For quantification of immunostainings and apoptotic cells, 30 prostatic acini per group (five animals each) were randomly selected and used for counting a minimum of 1000 cells, labelled and unlabelled, by Image-Pro Plus software. The mean receptor frequency was calculated by dividing the positive cells by the total number of cells counted in each field, with the result being multiplied by 100. The labelling index of proliferation and apoptosis was measured by percentage (ratio between the numbers of labelled or unlabelled cells by the total number of cells obtained in each field).
Statistical analysis
The data used for the analysis are expressed as mean AE standard deviation or median. As the normality (Kolmogorov-Smirnov test) and homoscedasticity assumptions (Levene test) of the data appeared to be valid, data were analysed initially by two-way analysis (ANOVA) to examine the effects of treatment and rest period as the two factors and their interaction, post hoc multiple comparisons were carried out using the Bonferroni test, and values were considered to be statistically significant when P < 0.05. All statistical evaluations were performed using the Statistica 7.0 software (Copyright StatSoft, Inc., Tulsa, OK, USA).
Ethical approval statement
Animal handline and experiments were performed according to the Ethical Guidelines of the Univ. Estadual Paulista -UNESP: Ethical Commitee Nr. 087/2013. Table 1 shows the animal weight, ventral prostate weight and relative weight (prostate weight / animal weight) for each group.
Results
Biometric analysis
The interaction of dose and rest period was significant for animal (P = 0.0025) and ventral prostate (P = 0.0104) weight. The Ct2/5 group showed a reduction in animal, Figure 2 Serum testosterone (ng/ml) and corticosterone (ng/ml) levels. Different letters indicate significant differences between groups. Two-way ANOVA showed a significant dose vs. rest period interaction (P = 0.0108) for corticosterone levels (Bonferroni post-tests, P ≤ 0.05). Two-way ANOVA showed a significant dose vs. rest period interaction for percentage of muscle stroma (P = 0.0003) and height of epithelial (P ≤ 0.0001) and stromal (P ≤ 0.0001) compartments. The letters a, b and c show significant differences between the CO5, Ct1/5 and Ct2/5 groups (Bonferroni post-tests, P ≤ 0.05). The letters d, e and f represent significant differences between the CO10, Ct1/10 and Ct2/10 groups (Bonferroni post-tests, P ≤ 0.05). Two-way ANOVA showed a significant dose vs. rest period interaction for animal (P = 0.0025) and ventral prostate (P = 0.0104) weight. The letters a and b are significant differences between the CO5, Ct1/5 and Ct2/5 groups (Bonferroni post-tests, P ≤ 0.05). The letters c and d represent significant differences between the CO10, Ct1/10 and Ct2/10 groups (Bonferroni post-tests, P ≤ 0.05).
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Serum hormone levels Figure 2 shows the serum hormone levels of testosterone and corticosterone in all groups. Serum testosterone levels did not significantly change with the treatment. As regards the corticosterone levels, the interaction of dose and rest period was significant (P = 0.0108) and the levels of the treated groups were not significantly different compared with the control group; however, the Ct1/5 group showed a significant increase compared with the Ct2/5 group.
Structural analysis of the prostate
The results of stereological analyses are shown in Table 2 . The interaction of dose and rest period was significant for the percentage of muscle stroma percentage (P = 0.0003).
All treated groups showed an increase in the luminal percentage and a reduction in stromal percentage. The epithelium percentage increased in the Ct1/10 group (Figure 4d-h ) and decreased in the Ct2/5 group (11%) (Figure 3j-m) . The results of morphometric analyses are shown in Table 2 . The interaction of dose and rest period was significant for height of epithelial (P ≤ 0.0001) and stromal (P ≤ 0.0001) compartments. Hypertrophy of epithelial cells and a reduction in smooth muscle cell thickness were observed in the Ct1/5 (Figure 3d-i) and Ct2/5 (Figure 3j-m) groups; however, in the Ct2/10 group (Figure 4i-l) , both compartments presented an increase.
The presence of some prostatic alterations in the treated groups was observed (Figure 3e and 4) . In all treated groups, inflammatory foci were found in the epithelial compartment (Figure 3e and 4) , with inflammatory cells inserted between the secretory cells. In the prostates of Ct2/5 animals, however, the inflammatory cells were also inserted within the glandular lumen (Figure 3j and k) . The Ct1/5 and Ct1/10 groups showed some cells with atypical morphology in the epithelial compartment -large cells rich in secretory vesicles (Figures 3f,g  and 4f) . In some prostatic acini, epithelial cell debris were also observed within the glandular lumen (Figures 3h and 4g,k) .
Immunohistochemical analysis
The interaction of dose and rest period was significant for GR-positive cells in the epithelial (P ≤ 0.0001) and stromal (P ≤ 0.0001) compartments. There was a reduction in the frequency of GR-positive cells in both prostatic compartments of the Ct1/5 group ( Figures 5 and 6c) , whereas in the Ct1/10 (Figures 5 and 6f ) the staining increased in the epithelial compartment and it was similar to the control in the stromal compartment. In the Ct2/10 group ( Figures 5 and 6 g ), the staining for this receptor increased in both prostatic compartments compared with the control group. The interaction of dose and rest period was significant for AR-positive cells in the epithelial (P ≤ 0.0001) and stromal (P ≤ 0.0001) compartments. The Ct1/5 group showed a significant reduction in AR-positive cells in both the epithelial and stromal compartments (Figures 5 and 7c ). There was a significant increase in the immunostaining of AR-positive cells in the stroma of Ct1/10 (Figures 5 and 7f ) and Ct2/10 ( Figures 5 and 7 g ) groups.
With regard to the immunostaining for ERb, the interaction of dose and rest period was significant in the epithelial (P = 0.0165) and stromal (P ≤ 0.0011) compartments. The Ct1/5 (Figures 5 and 8c ), Ct2/5 (Figures 5 and 8d ), Ct1/10 ( Figures 5 and 8f ) and Ct2/10 ( Figures 5 and 8g ) groups showed a reduction in the frequency of epithelial stained cells compared with the controls. The Ct2/5 (Figures 5 and  8d ) group showed a reduction in labelled stroma cells.
As regards ERa, the interaction of dose and rest period was significant in the epithelial (P = 0.0103) and stromal (P = 0.0028) compartments. A reduction in the amount of immunopositive cells in the epithelium was observed in the Ct2/5 group ( Figures 5 and 9d) ; there was also a reduction in the Ct1/5 group (Figures 5 and 9c ) in the frequency of stromal stained cells compared with the controls.
The interaction of dose and rest period was significant for proliferation in the epithelial (P = 0.0012) and stromal (P ≤ 0.0001) compartments. All animals showed reductions in the rate of proliferation. In groups without a rest period Figure 10 Quantification of cells immunostained for proliferation and apoptosis of the different experimental groups (n = 5). The values shown are the average and standard error. Two-way ANOVA showed a significant dose vs. rest period interaction (P value presented on figure) for proliferation and apoptosis. The letters a, b and c represent the significant differences between the groups (Bonferroni post-tests, P ≤ 0.05). (Figures 10 and 11a-d) , this reduction occurred in the stroma; in groups with rest, variation occurred in the epithelium (Figures 10 and 11e-g ). However, the Ct2/10 group ( Figure 10 and 11 g ) was observed an increased in the stromal compartment.
In terms of variations in the markings for apoptosis, the interaction of dose and rest period was significant in the epithelial (P ≤ 0.0001) and stromal (P = 0.0041) compartments. The Ct1/5 (Figures 10 and 12c ) and Ct2/5 (Figures 10 and 12d ) groups had decreased epithelial and stromal markers, whereas the Ct2/10 (Figures 10 and 12g ) group showed lower marking cells than the control group, only in the epithelial compartment.
Discussion
In the present study, we analysed the influence of corticosterone in different doses on the gerbil prostate and the recovery from its effects after a rest period of five days. This hormone showed anti-proliferative and anti-apoptotic properties and was able to influence the signalling pathways of other hormones that are important for prostate homeostasis, such as androgens and oestrogens. Furthermore, the application of corticosterone led to significant morphological changes in the prostate.
The elevated corticosterone concentration in the blood serum of animals treated with a lower dose compared with that observed in group treated with a higher dose may be due to the activation of the negative feedback process. After the rest period, corticosterone levels in the blood were similar to those of control animals, showing that this period was sufficient for the metabolism of the exogenous hormone, allowing the stabilization of endogenous concentrations of this hormone. Furthermore, it is known that the lifetime of corticosterone in the blood is only 4 h and becomes undetectable after a period of 24 h without administration of this hormone (Fortier 1959; Tornello et al. 1982) . Thus, it is reasonable to propose that in the animals receiving higher doses of corticosterone the activation of a negative feedback occurred. The levels of serum hormone were maintained, as the period between the last exogenous administration and blood collection was sufficient to allow for its metabolism. Although after the exogenous application of corticosterone the plasma levels remained similar to that observed in control animals, studies show that two isoforms of the 11b-hydroxysteroid dehydrogenase enzyme act reversibly synthesized together to prevent prolonged and intense effect of GCs. The HSD11B2 isoform oxidizes corticosterone forming 11-dehydrocorticosterone; this inactive metabolite can be reduced by the HSD11B1 isoform forming an active corticosterone again (Witorsch 2016) . The application of corticosterone did not affect testosterone levels; based on this, it can be assumed that the responses observed in the prostate were not triggered by systemic changes in androgens.
The anti-inflammatory and immunosuppressive effects of GCs are widely known; however, studies show that two types of responses can be triggered and may exert anti-and pro-inflammatory effects, depending on the type of exposure to GCs and the baseline of the immune system (Busillo & Cidlowski 2013; Cruz-Topete & Cidlowski 2015) . A proinflammatory action of corticosterone was observed in this study after applying both doses for a short period; moreover, the rest period did not lead to reversal of this feature. The mechanism by which GCs may increase inflammation is not fully understood. Currently, the exclusively antiinflammatory role of glucocorticoids is being questioned.
GCs act on cells through interactions with their receptors in the prostate; in the prostate of gerbils, the presence of GRs was observed in both the epithelium and stroma, with greater quantities in the first compartment. GRs are controlled by self-regulating mechanisms, and the receptor can negatively coordinate transcription of the GR gene when there is an excess of its ligand, thereby leading to a reduction in the concentration of GRs. This downregulation mechanism of the GR caused a reduction in sensitivity to this hormone, providing a partial protective effect to excessive GCs (Faria & Loungui 2006 ). Ramamoorthy and Cidlowski (2013) described a molecular mechanism for the negative regulation of GRs, identifying an nGRE (functional negative glucocorticoid response element) that binds to exon 6 of the gene, thereby inhibiting transcription initiation. This nGRE is a complex formed by GR-NCoR1-histone deacetylase 3 (HDAC3). This study demonstrates that negative regulation is exerted by GCs, and in the group with higher serum corticosterone levels (Ct1/5), the concentration of GRs decreased; after the rest period and for standard corticosterone levels, there was an increase in GR levels. The downregulation of GR observed after treatment with exogenous corticosterone has already been demonstrated in the cerebral tissue (Tornello et al. 1982) . The negative regulation of steroid hormones on its receptors was also observed on the peripheral tissues (Walters & Clark 1979) . The fact that there is an increase in the quantity of GR after the period of rest corroborates their inversely proportional interaction with the corticosterone levels.
The data presented here emphasize the anti-proliferative property of GCs. Other studies have shown that GCs may inhibit some signalling pathways and a number of transcription factors involved in cell proliferation, such as AP-1, SRF, NF-kB, p53 and STAT1 (Nishimura et al. 2000; Yemelyanov et al. 2007) . Costa et al. (2012) showed that the reduction in inhibition rate in animals treated with GCs leads to a reduction in plasma concentration of AKT and mTOR, proteins involved in the regulation of cell growth and development.
ARs and GRs exert opposite effects on tissues in which they are co-expressed, such as the prostate (Smith et al. 1984; Burstein et al. 1995) . Androgens act via AR-stimulating proliferation and GCs act via GR-inhibiting proliferation (Smith et al. 1984) . This antagonistic effect between AR and GR can be related to the effect of GCs on the AR and on the interaction between these two receptors. Studies have shown that the application of GCs leads to a reduction in AR levels in cells co-expressing GR and AR, thereby reducing the sensitivity to androgens in cells co-expressing AR and GR (Smith et al. 1984; Burstein et al. 1995) . The results presented in this experiment confirm the ability of GCs to reduce the amount of AR-positive cells. Chen et al. (1997) showed that in cells co-expressing AR and GR, these two receptors interact at the transcriptional level and mutually inhibit their activities; this interaction is correlated with the capacity to form of a heterodimer in a common DNA site. The development and homeostasis of the prostate gland occurs through an intense paracrine relationship between the epithelium and stroma, mainly through the AR and ER. The AR and ERa present in the glandular stroma promote a proliferative response in the epithelial compartment, while the AR and ERb assets in prostatic epithelium regulate such proliferation and also the glandular secretion (Marker et al. 2003; Cunha et al. 2004a,b) . This epithelium-stroma interaction can be observed also in relation to glucocorticoids. Recently, it has been shown that prolonged exogenous corticosterone administration for 4 weeks is able to induce a prostatic hyperplasia by activation of GR, specifically in the glandular stroma. This response occurs apparently by paracrine action of FGF10 produced by fibroblasts and smooth muscle cells on the secretory epithelial cells (Simanainen et al. 2011; Zhao et al. 2014) . The time of exposure to corticosterone employed in this study was significantly lower, triggering a likely immediate reduction in the supply of GR as a response to increased hormonal demand, enough to prevent a hyperplasia of epithelial cells but not their hypertrophy.
Pro-apoptotic properties of GCs have been widely studied, and this is known to occur in different cell types. However, this study showed that corticosterone reduced apoptosis in the treated groups, confirming that GCs act in specific ways in different cell types. The mechanisms by which GCs induce apoptosis in lymphoid cells have been extensively studied and include depolarization of the mitochondrial membrane potential and expression of CD-95 followed by caspase cascade (Kofler 2000; Distelhorst 2002; Herr et al. 2003) . However, studies showed that in some cell types, such as carcinomas, human peripheral blood neutrophils, glomerular endothelial cells, lung epithelial cells and hepatoma cells, apoptosis may be suppressed (Pagliacci et al. 1993; Kato et al. 1995; Wen et al. 1997; Yamamoto et al. 1998; Messmer et al. 1999; Herr et al. 2003; Rutz & Herr 2004 ). Sasson and others showed that glucocorticoids can inhibit apoptosis induced by p53 and cAMP in a dose-dependent manner in normal and immortalized granulosa cells (Bland et al. 1999; Sasson et al. 2001) . In the mammary gland, the anti-apoptotic effects of glucocorticoids were also observed. Feng et al. (1995) demonstrated the existence of a crosstalk between the steroid hormone receptors and the AP-1 transcription factor, resulting in the impairment of its activity, triggering the inhibition of glandular involution and programed cell death. It is reasonable to suppose that this same mechanism found in the mammary gland may occur in the ventral prostate, explaining in part the reduction of apoptosis observed in the treated animals. Runnebaum and Brunning showed that treatment with dexamethasone might lead to the inhibition of cIAP2, a cytosolic caspase inhibitor, by interfering with the proteolytic activity of caspases 3 and 9, thus revealing the anti-apoptotic property of glucocorticoids (Runnebaum & Bruning 2005) . The mechanism by which the apoptotic pathway is affected by GCs is still an open question, and these hormones exert a pro-apoptotic effect in specific cell types while leading to an anti-apoptotic effect in other cell types. Numerous in vitro studies have been conducted emphasizing the anti-proliferative ability of GCs. However, in this study, we can see the need to understand the apoptotic changes caused by these hormones, especially in the prostate. An imbalance between proliferation and death rates in the prostate may be responsible for the morphological changes observed in the experimental groups. Rodr ıguez- Berriguete et al. (2010) showed that the emergence of prostate diseases, such as benign hyperplasia, intra-epithelial neoplasia and cancer, is associated with the overexpression of inhibitors of apoptosis.
Other non-androgenic hormones also affect the prostate homeostasis. Similarly to androgens, oestrogens play essential roles in the physiology and pathology of the prostate during development, and the balance of these hormones is critical for the maintenance of the normal gland (McPherson et al. 2008) . Both oestrogen receptors (ERa and ERb) are expressed in the stroma and epithelium. Treatment with GCs led to a reduction in the number of ERb-positive cells, showing an antagonistic effect of this hormone on these receptors. For ERa, an increase in the frequency of these receptors was observed in the Ct1/10 group. The relationship between GCs and oestrogen receptors has not been well studied, and the mechanism by which these hormones interfere with these receptors is not yet understood; it may be via a mechanism involving the GR, by the direct binding of GCs with ER or by interfering with other molecules that are present in these signalling pathways. Some studies have pointed out that oestrogen increases the response of corticosterone to stress, interfering in the negative feedback through their interaction with the ERa, while the opposite effect is observed by its ERb interaction (Turner 1992; Burgess & Handa 1993; Lund et al. 2004) .
In summary, this study showed that corticosterone affects the prostate by changing the frequency of the receptors of the major regulating hormones of this organ such as androgens and oestrogens, and the glucocorticoid receptor. Along with these changes, this hormone may lead to an imbalance in proliferation and death rates. The disruption caused by GCs has led to significant morphological changes with the appearance of prostatic dysplasia, mediated by changes in combinations of oestrogens and glucocorticoids in the patterns of androgen receptors. A variation was observed in the effects produced by this hormone according to the dose applied, with a higher dose having milder effects and a lower dose being more aggressive. The influence of GCs on nuclear receptors was reversed or attenuated after the rest period; however, this effect was not observed, in the proliferation and apoptosis rates. In addition, morphological changes and dysplasia were present in all groups, demonstrating that the rest period used in the study was not able to reverse all of the damage to the prostate via the exogenous administration of GCs.
